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REMARKS 

Status of the Claims 

Claims 24, 28, and 30-51 are currently pending in the present application. Claims 1-23, 
25-27 and 29 have been canceled without prejudice or disclaimer of the subject matter claimed 
therein. 

Claims 28 and 36 are withdrawn from consideration as being directed to a non-elected 
species. Thus, claims 24, 30-35, and 37-51 are currently being examined. 

Amendments to the Claims 

Claims 24, 28, 30, 35-41, and 43-49 have been amended and new claims 50 and 51 have 
been added to more clearly define the claimed invention. The amendment to these claims and 
the addition of new claims do not include prohibited new matter. 

Claims 24, 28, 30, 35-41, and 43-49 have been amended to insert "antibody." Support 
the insertion of "antibody" into the claim can be found on page 17, line 13. 

Claims 24 and 46 have been amended to replace "binds to" with "opsonizes." Support 
for this amendment can be found in original claim 29. 

Claims 24 and 46 have also been amended to insert "induces removal of amyloid 
deposit." Support for this amendment can be found on page 16, line 16 and Example 2. 

Support for new claim 50 can be found on page 18, lines 19-21. 

Support for new claim 5 1 can be found in original claim 24 and on page 1 8, lines 28 and 

29. 

Rejections Under 35 U.S.C. $ 102 

A. Claims 24, 29-31, 35, 39-46, 48, and 49 are rejected under 35 U.S.C. 102(b) as being 
anticipated by Konig et al (WO 96/25435). 

The claims as they stand are generally directed to methods of removing amyloid deposits 
from a patient comprising administering an effective amount of an antibody or immunoglobulin 
polypeptide or fragment thereof to the patient, wherein the antibody or immunoglobulin 
polypeptide or fragment thereof opsonizes an amyloid fibril and induces removal of amyloid 
deposits. Example 2 shows antibody or immunologlobulin inducing the removal of amyloid 
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deposits. New claim 50 includes the limitation that the antibody or immunoglobulin polypeptide 
or fragment thereof opsonizes an epitope shared by amyloid fibrils. New claim 51 includes the 
limitation that the antibody or immunoglobulin polypeptide or fragment thereof cross-reacts with 
amyloid fibrils comprising precursor proteins different from the precursor proteins in an antigen 
used to generate the antibody or immunoglobulin. 

Applicants respectfully submit that the disclosure of Konig et al. is not the same as the 
instant invention and therefore does not anticipate the pending claims. Konig et al merely teach 
in vitro methods of labeling amyloid plaques present in the brain of a human patient, using 
immunohistochemical techniques involving monoclonal antibodies that bind beta-A4 peptide. 
The Office asserts that Konig et al generally discuss diagnostic and therapeutic uses of such 
antibodies in the diagnosis and treatment of Alzheimers diseases. Konig et al, however, do not 
teach administration of antibodies to a patient for the removal of amyloid deposits as is claimed. 
In fact, Konig et al. do not even contemplate the use of the monoclonal antibody to remove 
amyloid fibrils from a patient as is claimed. Accordingly, on this issue alone, Konig et al. do not 
anticipate the claimed invention. 

Applicants respectfully submit that the pending claims require administering an antibody 
or immunoglobulin polypeptide or fragment thereof in an amount effective to remove amyloid 
deposits in a patient. Konig et al. do not disclose administering an effective amount of an 
antibody or immunoglobulin polypeptide to remove amyloid deposits from a patient. Contrary to 
the assertions of the Examiner, claims 9-19 of Konig et al are directed to methods of using the 
antibody to detect the presence of PA4 peptide, to selectively purify 0A4 peptide from a tissue 
sample, and to prevent aggregation of PA4 peptide. (Claim 20 is directed to a method of 
generating an antibody using a peptide.) The method claims of Konig et al. include the 
limitation that the method be performed with a tissue sample. Thus, Konig et al. do not 
contemplate administering an antibody in an effective amount to remove amyloid deposits in a 
patient. 

Moreover, the claimed invention requires that the antibody or immunoglobulin 
polypeptide or fragment thereof opsonizes an amyloid fibril and induces removal of amyloid 
deposits. Konig et al do not disclose an antibody that opsonizes an amyloid fibril and induces 
removal of amyloid deposits. 
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Applicants also respectfully submit that Konig et al. provide nothing more than a general 
unsupported statement that the disclosed monoclonal antibodies could be used for the treatment 
of AD. As has already been demonstrated by Applicants in the declaration of Dr. Biere 
submitted on October 23, 2002, the mere binding of an antibody to amyloid fibril for diagnostic 
purposes is not sufficiently predictive of its ability to remove amyloid fibril from a patient. The 
reference of Konig et al. fails to provide a disclosure that enables the claimed methods. For 
instance, Konig et al do not show that their monoclonal antibodies are effective for the removal 
of amyloid deposits as required by the claims. Accordingly, the teachings of Konig et aL do not 
enable one of skill in the art to make and use the claimed invention, and Konig et al is not a 
reference under 35 U.S.C. § 102(b). The Federal Circuit has held that to anticipate, a reference 
must also enable one of skill in the art to make and use the claimed invention. See Minnesota 
Manufacturing and Mining v. Chemque, Inc., 303 F.3d 1294 (Fed. Cir. 2002); Elan 
Pharmaceuticals v. Mayo Foundation, 68 USPQ2d 1373, 1375 (Fed. Cir. 2003). 

Unlike the antibodies of Konig et aL, which are generated using the pA4(35-42) peptide, 
the antibodies of the present invention are generated using amyloid fibrils. As shown in 
Examples 3 and 4, the antibodies of the present invention exhibit cross-isotype reactivity because 
they bind amyloids in a non-subgroup specific manner. Moreover, Example 7 shows that the 
antibodies of the present invention, which are generated using A6 light chain amyloid fibrils, 
cross-react with murine AA amyloids and synthetic fibrils composed of pA4(25-35). The 
antibodies of the present invention bind amyloids comprising precursor proteins different from 
the precursor proteins in the antigen used to generate the antibodies. They recognize an epitope 
that is shared among amyloid fibrils. 

The work of O'Nuallain et al confirms the results of the present application that amyloid 
fibrils have a conformational epitope that is shared among amyloid fibrils but is absent from their 
native precursor proteins and that antibodies generated using amyloid fibrils recognize this 
conformational epitope. As shown by O'Nuallain et al, the WOl and W02 antibodies, 
generated using amyloid fibrils, bind to the amyloid fibril state of Ap(l-40), but not to the 
soluble, monomelic state (O'Nuallain et al, PNAS 2002, 99(3): 1485; see attached). Moreover, 
the WOl and W02 antibodies bind to other disease related fibrils such as transthyretin, islet 
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amyloid polypeptide, P2-microglobulin, and polyglutamine, but do not bind to the native protein 
precursors of these amyloids. 

On page 6 of the Office Action, the Examiner seems to indicate that the methods of 
Konig et aL inherently anticipate the claimed methods and that Konig et aL need not teach the 
"mechanism of action." Applicants respectfully submit that the Examiner's reliance on 
inherency is misplaced. As provided in the MPEP, the fact that a certain result may occur or be 
present in the prior art is not sufficient to establish the inherency of that result or characteristic. 
See MPEP § 2112, IV (page 2100-54) citing In reRijckaert, 9 F.3d 1531, 1534, 28 USPQ2d 
1955, 1957 (Fed. Cir. 1993). In relying on inherency, the Examiner must provide a basis in fact 
or technical reasoning to reasonably support her determination in that an inherent characteristic 
necessarily flows from the teachings of a prior art reference. See MPEP 21 12, IV (page 2100- 
55) citing Ex parte Levy, 17 USPQ2d 1461, 1464 (Bd. Pat. App. & Inter. 1990) (emphasis in 
original). Respectfully, the Examiner has provided no such basis for her assertions of the 
inherent properties of Konig et aL Rather, the Examiner has made unsupported assertions of the 
inherent properties of the antibodies of Konig et al. when Applicants claims are methods. As 
such, it is patently unfair for the Examiner to attempt to shift the burden to Applicants to provide 
evidence of an "obviousness difference" between the claimed invention and the disclosure of 
Konig et al who never administered an antibody to a patient (see page 8, line 1 1 of the Office 
Action). 

Applicants also respectfully submit that any discussion of inherency as it relates to Konig 
et aL is merely academic at this point. As Applicants have previously pointed out, a reference 
must enable one of skill in the art to make and use the -claimed invention. See Minnesota 
Manufacturing and Mining v. Chemque, Inc., 303 F.3d 1294 (Fed. Cir. 2002); Elan 
Pharmaceuticals v. Mayo Foundation, 68 USPQ2d 1373, 1375 (Fed. Cir. 2003). On page 8, line 
15, the Examiner asserts that there is "no precedent in the cited law to conclude that Konig is 
non-enabled. . . . The above appears to be a question of fact to which Applicants have shown no 
evidence or scientific reasoning that would disprove the Konig teachings." Applicants 
respectfully submit that such reasoning was provided in the amendment filed March 30, 2004 in 
the discussion of the "Wands Factors" (page 6 of the Amendment). These arguments have been 
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ignored by the Examiner and the Examiner's finding that Konig et aL is enabling for a "method 
of treatment" is contradictory to the U.S. Patent Office's own examination guidelines. 

The Examiner is respectfully directed to the Revised Interim Utility Guidelines Training 
Materials issued by the U.S. Patent Office. Although these materials are directed to examination 
procedures under 35 U.S.C. § 101, the materials specifically address enablement issues under 35 
U.S.C. § 1 12, first paragraph and it is to these sections that Applicants direct the Examiner. For 
instance, pages 18 and 19 of the Guidelines discuss the examination of methods of "retarding the 
aging process" and teach that the failure to provide working examples to "provide credibility" to 
these claims "should result in a rejection under 35 U.S.C. § 1 12, first paragraph, i.e., an 
enablement rejection. Applicants merely request that such examination standards under 35 
U.S.C. § 1 12, first paragraph be properly applied to the teachings of Konig et aL 

Lastly, Applicants respectfully submit that the Examiner's reliance on the combined 
teachings of Konig et aL and Becker et al. on page 9 of the Office Action is misplaced. In this 
paragraph, the Examiner appears to assert that the combined teachings indicate that the Konig et 
aL antibodies are raised against amyloid fibrils (page 9, lines 10-13). Respectfully, the Examiner 
cannot rely on the teachings of a secondary reference (Becker et aL) to contradict the supposedly 
anticipatory disclosure of Konig et aL As taught by Konig et aL, the disclosed antibodies are 
produced via immunization with peptide #959, conjugated to KLH. See Example 4, page 19. 
No attempts were made to polymerize this peptide into fibrils. See Example 3. Accordingly, the 
teachings of Konig et aL directly contradict the Examiner's assertions that the peptide of Konig 
et aL is in fibril form. Applicants respectfully request that the Examiner specifically 
acknowledge her misinterpretation of the teachings of Konig et aL 

In summary, given the differences between the claimed invention and that disclosed by 
Konig et aL, Konig et aL do not anticipate the claimed invention. Applicants respectfully 
request withdrawal of the rejection. 

B. Claims 24, 29-35, and 37-49 are rejected under 35 U.S.C. 102(b) as being anticipated 
by Becker et al. (EP 613007, David "Nettleship" Brems et aL). 

Applicants note that "Nettleship" is the middle name of the second named inventor 
(David Nettleship Brems) of EP613007. "Gerald Wayne Becker" is the first named inventor of 
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EP 613007. Accordingly "Becker et al" and "Nettleship et al" (cited in the Office Action for 
EP 613007) refer to the same reference. 

As discussed above, the claims as they stand are directed to a method of removing 
amyloid deposits from a patient comprising administering an antibody or immunoglobulin 
polypeptide or fragment thereof to the patient, wherein the antibody or immunoglobulin 
polypeptide or fragment thereof opsonizes an amyloid fibril and induces removal of amyloid 
deposits. Moreover, claims 24 and 46 have been amended to delete a component or precursor 
thereof. 

Applicants respectfully submit that the claimed methods are different from the methods 
disclosed by Becker et al\ thus, Becker et al do not anticipate the claimed invention. Becker et 
al generally discuss parenteral administration of antibodies having a specificity for P-amyloid 
peptide in the P-sheet conformation. Similar to Konig et al, Becker et al do not provide 
specific guidance or examples for administering such antibodies to remove amyloid deposits 
from patients. Accordingly, on this issue alone, Becker et al do not anticipate the claimed 
invention. 

As discussed in the declaration of Dr. Biere which was previously submitted, the mere 
binding of an antibody to amyloid fibrils for diagnostic purposes does not suggest that the 
antibody is able to remove amyloid fibrils from a patient. Becker et al have not shown that their 
antibodies having specificity to p-amyloid peptide are capable of removing amyloid deposits 
from a patient . A review of the claims of Becker et al indicates that the contemplated inventions 
are methods of assaying for agents that inhibit the neurotoxicity of p-amyloid peptide and 
conformationally-specific antibodies. The method steps of Becker et al do not require 
administering the antibodies of Becker et al to a patient. Becker et al have not even shown that 
their antibodies bind amyloid fibrils. Accordingly, Becker et al neither contemplate nor enable 
administering the claimed antibodies to a patient to remove amyloid deposits from the patient. 

Respectfully, even if Becker et al generally disclose pharmaceutical compositions 
comprising their antibodies for parenteral administration, Becker et al have not provided 
guidance for a method of administering antibodies for removing amyloid fibrils from a patient. 
Since Becker et al do not enable the anticipated invention, Becker et al cannot anticipate the 
claims. 
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Applicants also respectfully request that the Examiner addresses Applicants' arguments 
above (in the discussion on Konig et al) concerning the inherency and enablement in relations to 
Becker et al as these issues are identical to those present in Konig et al. 

Applicants respectfully request withdrawal of the rejection. 

Rejection Under 35 U.S.C. § 103(a) 

Claims 24, 29-35, and 37-49 are rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Konig et al (WO 96/25435), Becker et al (EP 613007, David "Nettleship" Brems et al), 
and Benjamini et al Ed. (Immunology: A Short Course). 

As discussed above, the claims as they stand are directed to a method of removing 
amyloid deposits from a patient comprising administering an antibody or immunoglobulin 
polypeptide or fragment thereof to the patient, wherein the antibody or immunoglobulin 
polypeptide or fragment thereof opsonizes an amyloid fibril and induces removal of amyloid 
deposits. 

The Office Action asserts that the Konig et al and Becker et al teach administration of 
p-amyloid antibodies for therapeutic use in Alzheimers treatment. The deficiencies of Konig et 
al. and Becker et al are discussed above. Although Konig et al and Becker et al disclose 
antibodies that bind to beta-amyloid peptides, these references do not disclose a method of 
removing amyloid deposit from a patient comprising administering an antibody or 
immunoglobulin polypeptide or fragment thereof in an amount effective to opsonize an amyloid 
fibril and induce removal of the amyloid deposits. Accordingly, neither Konig et al nor Becker 
et al contemplate the claimed invention. 

Benjamini et al do not cure the deficiencies of Konig et al and Becker et al Benjamini 
et al generally discuss opsonization of antigens by antibodies making them more attractive to 
phagocytic cells. Benjamini et al do not disclose antibodies that opsonize amyloid fibrils or 
characterize such antibodies nor do Benjamini et al induce removal of amyloid deposits using 
opsonizing antibodies. Accordingly, Benjamini et al add nothing to the combined teachings of 
Konig et al and/or Becker et al, and there is no motivation to combine the references of Konig 
et al, Becker et al and Bejamini et al 
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As discussed in Dr. Biere's declaration, the removal of amyloid deposits from a patient 
by administering antibodies to the patient is an unexpected discovery. At the time of the 
invention, antibodies have been successfully used as diagnostic tools in detecting the presence of 
amyloid deposits, but the use of antibodies to remove amyloid deposits from a patient was not 
known. None of these three cited references teach that antibodies could be used to remove 
amyloid deposits. Accordingly, the cited references do not render the claimed invention obvious 
and Applicants respectfully request withdrawal of the rejection. 

However, neither Konig et al. nor Becker et aL teach a method of removing amyloid 
deposits 



In view of the accompanying remarks, Applicants respectfully request reconsideration 
and timely allowance of the pending claims. Should the Examiner feel that there are any issues 
outstanding after consideration of this response, the Examiner is invited to contact Applicants' 
undersigned representative to expedite prosecution. 

If there is any fee due in connection with the filing of this Amendment, please charge the 
fees to our Deposit Account No. 50-03 10. If a fee is required for an extension of time under 37 
C.F.R. § 1.136 not accounted for above, such an extension is requested and the fee should also be 
charged to our Deposit Account. 



Dated: March 16,2005 

Customer No. 09629 

MORGAN, LEWIS & BOCKIUS LLP 

1111 Pennsylvania Ave., N. W. 

Washington, D.C. 20004 

(202) 739-3000 



CONCLUSION 



Respectfully submitted, 



MORGAN, LEWIS & BOCKIUS LLP 
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Disease-related amyloid fibrils appear to share a common, but 
poorly understood, structure. We describe here the generation and 
preliminary characterization of two conformation-specific mAbs, 
WOl and W02, that bind to the amyloid fibril state of the 
Alzheimer's peptide A/3(1-40) but not to its soluble, monomeric 
state. Surprisingly, these Abs also bind to other disease-related 
amyloid fibrils and amyloid-like aggregates derived from other 
proteins of unrelated sequence, such as transthyretin, islet amyloid 
polypeptide, ^-microglobulin, and polyglutamine. At the same 
time, WOl and W02 do not bind to the native protein precursors 
of these amyloids, nor do they bind to other kinds of protein 
aggregates. This new class of Abs associated with a fundamental 
amyloid-folding motif appear to recognize a common conforma- 
tional epitope with little apparent dependence on amino acid side 
chain information. These Abs should contribute to the understand- 
ing of amyloid structure, assembly, and toxicity and also may 
benefit the development of diagnostic and therapeutic agents for 
amyloid diseases. 

Amyloid fibrils are highly insoluble, ordered protein aggre- 
gates involved in a number of human diseases (1, 2), 
including Alzheimer's disease (3) and type II diabetes (4). 
Although the protein components of amyloid fibrils from various 
disease states differ considerably from each other in primary 
sequence, all amyloid fibrils share common features, including a 
high degree of )3-sheet in a classical "cross-0" pattern, a fibrillar 
morphology in electron microscopy, and the ability to bind and 
alter the spectroscopic properties of heteroaromatic dyes Congo 
red and thioflavin T (ThT) (5, 6). Although these common 
properties suggest that amyloid fibrils must share deeper simi- 
larities at the molecular level, the extent of similarity between the 
polypeptide-folding patterns of different amyloids is unknown. 
Details of the nature of the amyloid fold remain obscure because 
of technical limitations to obtaining high resolution structural 
information on large, insoluble, heterodisperse aggregates. 

Although mAbs have previously proved useful in the struc- 
tural analysis of globular proteins, their use in the characteriza- 
tion of amyloid fibril structure has been limited. Most of the 
anti-fibril Abs generated in an immune response to fibrils tend 
to be directed at unstructured portions of the amyloidogenic 
peptide not involved in fibril structure. In a recent character- 
ization of the Ab response in mice injected with amyloid )3 
protein (Aj3) fibrils, it was found that the majority of the Abs are 
directed at the N-terminal 12 residues of the peptide and are 
capable of crossreacting strongly with the monomeric peptide 
(7). This agrees well with the results of limited proteolysis studies 
of A/3 fibrils indicating an exposed, unstructured N-terminal 
region in the aggregate (8). Thus, such Abs tell us about those 
parts of the amyloidogenic peptide that are not involved in fibril 
structure but little about the nature of fibril structure itself. 

Identification of conformational epitopes in fibrils would 
therefore add an important new dimension to the structural 
information on fibrils available through Ab studies. Early ex- 
periments with rabbit polyclonal sera suggested that amyloid 
fibrils possess a nonnative structure and that Abs can be gen- 
erated that are specific for the amyloidogenic conformation (9). 
More recently, conformational Abs have been reported that are 



specific for transthyretin (TTR) amyloid fibrils (10) or for the 
infectious form of mammalian prions (11). 

In addition to the value of anti-fibril Abs as structural probes, 
the nature of the immune response to amyloid is of special 
interest because of recent reports of successful active and passive 
vaccine approaches to slowing and/or reversing amyloid plaque 
growth and/or its pathological consequences in mouse models of 
light chain amyloidosis (13, t), Alzheimer's disease (14, 15), and 
mammalian prion disease (16). Some Abs recognizing A/3 fibrils 
also appear capable of stimulating fibril disassembly (17) and/or 
preventing fibril assembly (18) in vitro. 

We report here the results of hydridoma experiments specif- 
ically focused on generating conformation-specific Abs against 
A/3 fibrils (19). The results suggest the existence of a major 
conformational epitope present in many amyloid fibrils com- 
posed of diverse protein sequences. 

Materials and Methods 

Materials and General Methods. Aj3(l-40) peptides, as well as the 
polyglutamine (polyGln) molecule NH 2 -KKQ 42 KK-COOH, 
were custom synthesized at the Keck Biotechnology Center, Yale 
University. Chemically synthesized, full-length human islet amy- 
loid polypeptide (IAPP) was a gift from Per Westermark. 
Recombinant JTO5, an amyloidogenic Ig V L domain, was a gift 
of Jonathan Wall. Human /^-microglobulin (j3 2 m), human TTR, 
and chicken lysozyme were purchased from Sigma, as were 
bovine collagen and acid-soluble calf collagen. The k light chain 
IgM mAb was purchased from Calbiochem (catalog no. 401925), 
and an IgG mAb recognizing the 1—17 sequence of A/3, 
MAB1560, was purchased from Chemicon. Gelatin was from 
Bio-Rad. Trifluoroacetic acid was from Pierce and 1,1,1,3,3,3- 
hexafluoro-2-isopropyl alcohol (HFIP) from Sigma. 

Unless otherwise indicated, all quantitative experimental re- 
sults shown are from measurements done in triplicate. Error bars 
in figures represent SDs. 

Preparation of Solubilized Peptides and Amyloid Fibrils. Each pep- 
tide and protein required customized protocols for fibril forma- 
tion. With the exception of polyGln aggregates, all amyloid 
fibrils, as well as collagen and elastin, were sonicated on ice with 
a probe sonicator for five consecutive 30-sec pulses before 
immobilization onto plastic microtiter plates. 

A/3 peptides were solubilized and aggregated by a variation of 
the previously described protocol (8, 20). Amyloid fibrils were 
grown from A0(1-4O) by incubating a 0.25 mg/ml disaggregated 
solution of the peptide in PBS containing 0.05% sodium azide 
(PBSA) at 37°C together with a seed consisting of 0. 1 % by weight 



Abbreviations: PBSA, PBS containing 0.05% sodium azide; polyGln, polyglutamine; IAPP, 
islet amyloid polypeptide; A)3, amyloid 0 protein; TTR, transthyretin; £ 2 m, 0j- 
mtcroglobulin; ThT, thioflavin T. 
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of sonicated AjS fibrils. The sample was incubated 5-7 days until 
fibril growth was judged complete by a ThT assay (21). 

The polyGln peptide was dissolved and disaggregated as 
described previously (22) by using a 1 :1 mixture of trif luoroacetic 
acid and l,l,l,3,3,3-hexafluoro-2-isopropyl alcohol, and then 
aggregated by incubation of a 0.05 mg/ml solution in PBSA at 
37°C for 2 wk until reaction was judged complete by the ThT 
assay (21). PolyGln aggregates prepared in this manner exhibit 
strong j3-sheet spectra and a typical amyloid ThT response but 
exhibit ribbon morphology rather than a classical amyloid mor- 
phology; based on these and other criteria, we refer to the 
aggregates as "amyloid-like" (S. Chen, V. Berthelier, J. B. 
Hamilton, B.O.N., and R.W., unpublished data). 

Human IAPP was solubilized and disaggregated by using 1:1 
trif luoroacetic acid/ 1,1,1, 3, 3,3-hexafluoro-2-isopropyl alcohol 
(22). After removal of volatile solvents, the peptide was dissolved 
in 2 mM NaOH and centrifuged at 20,800 x g for 25 min. The 
supernatant was diluted 1:2 by using a 2 X PBS stock containing 
0.1% sodium azide, pH 7.4, to a final concentration of «*0.25 
mg/ml. This solution was used immediately both to make 
amyloid fibrils and to fix monomers to microtiter plates. Fibrils 
were grown according to the protocol described above for Aj3. 

Fibrils were grown from fom and TTR in high salt and low pH 
as described (23, 24). Lysozyme fibrils were grown by a brief 
exposure to 65°C followed by incubation at 37°C in high salt at 
low pH (25). 

All of the fibrils made as described above exhibited good 
amyloid fibril morphology by electron microscopy, with the 
exceptions that the IAPP aggregates appeared to be a mixture of 
classical amyloid fibrils and other organized structures (data not 
shown), and the polyGln aggregates appear to be protofilaments 
assembled into ribbons (26). All amyloid and amyloid-like 
aggregates exhibited typical ThT fluorescence (21, 27). 

Preparation of Aggregated Carboxymethylated Proteins. Reduction 
and alkylation of the disulfides of ovalbumin and human serum 
albumin (HSA) was accomplished by dissolving the native 
protein to a concentration of 0.5 mg/ml in an argon-purged 
buffer consisting of 0.1 M Tris*HCl, 6 M guanidine hydrochlo- 
ride, 2 mM DTT, and 1 mM EDTA, pH 8.5. Reactions were 
incubated at 37°C for 1.5 h with occasional gentle mixing. 
Iodoacetic acid was then added to a final concentration of 15 
mM, and the reaction was incubated in the dark at room 
temperature for 1 hr then dialyzed overnight at 4°C against 
PBSA. Complete cleavage of disulfide bonds was confirmed by 
mobility shifts in nonreducing SDS/PAGE (28). Complete mod- 
ification of thiol groups was demonstrated by using 5,5'- 
dithiobis(2-nitrobenzoic acid) (29). The PBSA solution of re- 
duced and alkylated proteins was subjected to several rounds of 
freezing and thawing, after which the amount of material 
collected in a pellet after centrifugation was 50% or more of the 
entire protein sample. These suspensions (without centrifuga- 
tion) were used to immobilize modified proteins onto microtiter 
plates. 

Hybridoma Isolation and mAb Purification. Aj3(l-40) fibrils were 
sonicated as described previously (20). Five standard, female 
BALB/c mice were immunized with 50 pig/mouse /injection 
with sonicated fibrils. Two additional injections were given at 
2-wk intervals. Bleeds were taken 1 wk after each injection and 
screened by using a modification of the microplate assay de- 
scribed below. After the third injection, two mice were killed and 
their spleens used to generate hybridoma cells. Initial screening 
of clones was performed by testing the ability of membranes 
containing uniformly deposited monomeric or fibrillar Aj3 to 
bind Abs from an array of clonal supernatants; the bound Abs 
were detected with secondary Abs against murine Ig. The 
hybridoma experiments, including the membrane blot survey of 



initial hybridoma colonies, were conducted according to stan- 
dard methods (30). Animal work, hybridoma creation, cloning, 
and preliminary screening were performed by the Hybridoma 
Development Facility at St. Louis University Health Center, St. 
Louis. 

Clonal supernatants giving good binding to immobilized fibrils 
even in the presence of 80-fold weight excess monomeric Ap 
were considered to be good candidates for conformation-specific 
Abs and were carried forward in the cloning process. mAbs were 
produced from stable hybridoma cell lines by growing the cells 
in high density culture by using CELLline incubator flasks 
(INTEGRA Biosciences). mAbs were purified from the accu- 
mulated Ab-containing supernatants by using a HiTrap IgM 
purification affinity column (Amersham Pharmacia) followed by 
a Sephacryl S-300 (Amersham Pharmacia) size exclusion chro- 
matography column (PBSA, 4°C). Nonreducing SDS/PAGE 
analysis confirmed the IgM isotype of the Abs and showed that 
they were at least 90% pure. 

Microtiterplate Assays of Fibril Binding. Mouse sera and hybridoma 
supernatants were assayed for anti-fibril Abs as follows. First, 
100 ng of sonicated A)3(l-40) fibrils in 100 /*! of PBSA was 
added to each well of a high-binding microtiter plate (Costar) 
and allowed to dry by incubating uncovered overnight in a 37°C 
oven. Plates were washed three times with PBSA containing 
0.05% Tween 20 (the standard wash procedure for all subse- 
quent steps of the protocol). Wells were blocked with 1% gelatin 
in PBSA at 37°C for 1 hr. Plates were then incubated with sera 
or hybridoma supernatants, with or without an 80-fold weight 
excess of monomeric Aj3(l-40) with respect to immobilized 
fibrils, for 1 hr at 37°C and then washed three times. The signal 
was developed by incubation with a biotinylated Ab, followed by 
treatment with a streptavidin conjugate. 

For measuring the IgG response in mouse sera (Fig. L4), the 
secondary Ab was a mixture of isotype-specific goat anti-mouse 
IgG Abs (Sigma ISO-2 kit) diluted into 1% gelatin, 0.05% Tween 
20, and PBSA. The tertiary Ab was a biotinylated rabbit anti-goat 
Ig Ab (Vector Laboratories). After incubation with a strepta- 
vidin-horseradish peroxidase conjugate (Vector Laboratories), 
the signal was developed with 3,3 / ,5,5'-tetramethylbenzidine 
(TMB, Pierce no. 34021). 

For measuring the IgG + IgM response in mouse sera (Fig. 
IB), the secondary Ab was a biotinylated goat anti-mouse Ig Ab 
(Sigma), and the signal was developed with streptavidin- 
horseradish peroxidase as described above. For measuring the 
IgG + IgM response of hybridoma culture supernatants (Fig. 4), 
the same secondary Ab was used, but the signal was developed 
by using a europium-streptavidin conjugate (EG & G Wallac) 
and counted by using time-resolved fluorescence (31) on a 
Wallac Victor (2) fluorescence microtiter plate reader. 

Characterization of Binding Properties of Purified mAbs. For exper- 
iments featuring immobilized ligands, microtiter plate wells were 
coated either with amyloid fibrils or other aggregates (as de- 
scribed above), or with soluble precursor proteins. For the latter, 
proteins in 2 mM sodium phosphate buffer, pH 7.4, containing 
0.05% sodium azide, were incubated uncovered overnight in a 
37°C oven. The low salt minimizes aggregation during the 
coating process (data not shown). After washing, plates were 
blocked with 3% BSA in PBSA for 1 h at 37°C. For the assay, Ab 
solutions were incubated 2 h at 37°C in the wells with 3% BSA 
in PBSA containing 0.05% Tween 20. Binding was quantified by 
using a biotinylated secondary Ab as described above. In the case 
of Aj3 fibrils, the ability of an 80-fold weight excess of monomeric 
peptide to inhibit Ab binding to fibrils was also assessed. 

Binding of aggregates and soluble proteins to plastic by the 
above protocol was essentially quantitative. This was determined 
as follows. After overnight incubation as described, 50-150 fx\ of 
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Fig. 1. Serum responses of mice immunized with A0O-4O) fibrils. Open bars 
show total Ig binding to 100 ng/weli of amyloid fibrils immobilized onto 
microtiter plate wells. Closed bars show Ab binding to fibrils in the presence 
of a large excess of ApO-40) monomer. (A) Increase in anti-amyloid IgG 
response over the course of the immunization treatment. (B) Total anti- 
amyloid IgG + IgM response of five immunized mice and a control at the 
completion of the immunization protocol. 



PBS was added to several wells and incubated 10 min at room 
temperature. Supernatants from several wells were pooled and 
assayed for the amount of recovered protein, either by a micro 
protein assay (Pierce MicroBCA) or by recovery of aggregates, 
solubilization, and quantitation by HPLC against a standard 
curve (8). Less than 5% of the applied protein was recovered by 
such analyses, consistent with greater than 95% fixation of 
aggregates to the plastic. 

For experiments featuring immobilized Abs, 100 /xl of 15 nM 
mAb solutions in PBS A were sealed and incubated for 1.5 h at 
37°C. Plates were washed and blocked with a 3% BSA solution 
in PBSA by incubation at 37°C for 1 nr. Various concentrations 
of biotinyl-A/3(l-40) were added to each well, and the plate was 
incubated for 4 h at 37°C and then quantified as before by using 
streptavidin-europium and time-resolved fluorescence. The N- 
terminally biotinylated Aj8 molecule was prepared by alkylating 
a Cys" 1 analog of Aj3(l-40) with PEO-iodoacetyl biotin 
(Pierce). 

Results and Discussion 

Conformation-specific Abs against the native states of many 
proteins have been described. Such Abs bind well to the native, 
folded state of the protein, and less well, or not at all, to the 
denatured protein or to isolated peptide fragments (32). To 
isolate Abs specific for conformational epitopes of the A/3 fibril, 
mice were injected with sonicated A/3 fibrils. These mice 
mounted a time-dependent serum response consisting of Abs 
capable of binding to the amyloid form of A/3 immobilized on 
microtiter plate wells (Fig. 1). Significantly, a major portion of 
the anti-fibril Ab population binds to AjS fibrils despite the 
presence of a large excess of monomeric AjS (Fig. 1). This 
suggests that a major portion of the Abs are directed against 
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Fig. 2. Binding of purified mAbsto AjS fibrils in the presence and absence of 
excess monomeric A£. A/3(1-40) fibrils were immobilized on microplate wells 
and the wells incubated with anti-A/3 Abs in the absence (•) or presence of 
monomeric A0 wild-type (A) or F19P mutant (□). (A) Binding of WOI. (B) 
Binding of the igG mAb MAB1560 against a linear epitope (positions 1-17) of 
the Aj3(1-40) molecule. 



conformational epitopes that only exist in the fibril. All five mice 
injected with amyloid exhibit similar serum responses (Fig. 15). 
Hybridoma fusions were generated from the spleens of respon- 
sive mice and resulting cells screened and cloned by using a 
variety of assays (Materials and Methods) to isolate stable cell 
lines producing Abs that bind to A/3 fibrils but not to A/3 
monomers. 

Based on results from screening hybridoma supernants, two 
stable cell lines, designated WOI and W02, were selected for 
further study. Reducing and nonreducing SDS/PAGE (not 
shown) of cell supernatants showed that both WOI and W02 
have molecular weights in the 900-kDa range, consistent with the 
isotyping results on these supernatants showing that both Abs 
are of the IgM class. Light chains were isolated from the gels and 
subjected to amino acid sequence analysis. The light chain of 
WOI exhibited the N-terminal sequence DIQMTQS, consistent 
with its being in the k class of mouse light chains. W02 appears 
to consist of a different light chain sequence because it exhibits 
a blocked N terminus, most consistent with a pyro-Glu residue 
derived from cyclization of a Gin side chain at position 1. 

Fig. 2 compares the fibril -binding characteristics of WOI to an 
anti-A/3 IgG mAb that recognizes a primary sequence epitope 
resident in the 1-17 sequence of A)3. Fig. 2 A shows that WOI 
exhibits a saturable binding curve against immobilized Aj8 fibrils 
with an EC50, or concentration of half-maximal binding, in the 
low nanomole range. Fig. 2A also shows that when a large weight 
excess of monomeric A/3(l-40) is included in the incubation, 
strong binding to fibrils by WOI is retained. (The apparent 
enhancement of binding of WOI to amyloid fibrils in the 
presence of wild-type A/3 is probably due to higher fibril mass 
resulting from the extension of Aj3 fibrils by the monomeric A/3 
competitor during the incubation.) A soluble, proline-containing 
mutant incapable of making amyloid fibrils (33, 34), F19P-Aj3(l- 
40), also does not compete for WOI binding to fibrils. In 
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Fig. 3. Binding of monomeric, soluble biotinyl-Aj3 to purified Abs immobi- 
lized on microplate wells. WOI (A); W02 (a); control IgM (□); and anti-A)3(1- 
17) IgG MAB1560 (O). 



contrast, both mutant and wild-type monomeric A/3 molecules 
effectively compete for binding to fibrils by an Ab directed 
against a linear epitope of A)3. Fig. IB shows that an Ab directed 
at the linear 1-17 sequence of Aj3, MAB1560, binds well to 
immobilized A/3 fibrils. Fig. IB shows that, in contrast to WOI 
binding, MAB1560 binding to fibrils can be almost entirely 
eliminated when a large weight excess of monomeric, soluble Aj3 
is included in the binding incubation. In these experiments, WOI 
and MAB1560 exhibit significantly different binding amplitudes 
to the same weight of Aj3 fibrils; however, given the fact that 
different secondary Abs were used in these two panels, it is 
difficult to interpret this effect. 

The experiments summarized in Fig. 2 provide indirect evi- 
dence that WOI does not recognize monomeric A/3. More direct 
evidence is the demonstration that neither WOI (Fig. 4) or W02 
(not shown) bind appreciably to monomeric A/3(l-40) immobi- 
lized onto microtiter plate wells. In addition, we find that 
monomeric A/3(l-40) is not able to bind to immobilized WOI 
and W02. Thus, Fig. 3 shows that although immobilized 
MAB1560 effectively binds N-terminally biotinylated A/3(l-40), 
immobilized WOI and W02, as well as a control IgM mAb, are 
completely ineffective at binding this peptide. 

Surprisingly, WOI and W02 are capable of binding not only 
to Aj3 fibrils, but also to amyloid fibrils generated from other 
proteins. We generated amyloid fibrils from a number of amyloid 
precursor proteins {Materials and Methods). In each case the 
protein aggregates exhibit fibril or fibril-like structures in elec- 
tron microscopy and a typical ThT fluorescence response (data 
not shown). Fig. AA shows the binding of WOI to equal weights 
of each of these amyloid fibrils immobilized onto microtiter plate 
wells. The figure shows that amyloid fibrils or amyloid-like 
aggregates composed of j3 2 m, IAPP, TTR, polyGln (Q 42 ), the Ig 
V L domain JT05 (35), and lysozyme [in addition to A/3(l-40)] 
are all capable of binding significant amounts of WOI. On a 
weight basis, WOI binds different fibrils to different extents, 
exhibiting maximal binding to Aj3(l-40) fibrils. The binding 
differences observed may be due in part to differences in binding 
constants (see below) and/or to different numbers of epitopes 
per unit weight of these amyloid fibrils. W02 exhibited similar 
pan-amyloid binding (not shown). 

In contrast to its broad ability to bind to amyloid fibrils, WOI 
exhibits little or no binding to the precursor proteins for each of 
these fibrils immobilized onto microtiter plate wells (Fig. A A). 
This result suggests that the conformation recognized by WOI 
is absent in the native precursor proteins. Fig. AA also shows that 
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Fig. 4. Binding of W01 to various aggregates. Open bars, binding to 
immobilized aggregate; gray bars, binding to immobilized monomeric form; 
and filled bar, binding to immobilized aggregate in the presence of an 80-fold 
weight excess monomeric F19P-A0O-4O). {A) Binding to various amyloids and 
their precursor proteins. (B) Binding to nonamyloid biological aggregates and 
nonnative globular protein aggregates. In these experiments, W01 was used 
as a hybridoma supernatant diluted 1:2 in PBSA. 



WOI binds to A/3 fibrils despite the presence of a high weight 
excess of soluble A/3. 

To probe the specificity of WOI and W02 for amyloid fibrils, 
we tested WOI binding to different kinds of protein aggregates. 
Fig. AB shows that WOI does not bind appreciably to the fibrous 
proteins collagen and elastin, or to gelatin, the denatured form 
of collagen. Many globular proteins aggregate in response to 
disruption of their native states by chemical or physical stress, 
and these aggregates are often dominated by /3-sheet structure 
(36). Fig. AB shows, however, that WOI does not bind to 
aggregates of ovalbumin or human serum albumin induced by 
denaturation via reduction and alkylation. Similar results were 
obtained for W02 (not shown). These results show that the 
epitope(s) recognized by WOI and W02 is not a structural 
feature shared with amorphous protein aggregates, such as 
interchain /3-sheet or diffuse patches of surface-exposed hydro- 
phobicity. Thus, results to date suggest that the epitope recog- 
nized by these Abs is specific to the amyloid state of proteins. 

To quantitatively assess the crossreactivity of WOI and W02 
against other amyloid fibrils, we determined full binding curves 
for these Abs, as well as for a control k light chain IgM, against 
amyloid fibrils composed of Aj3(l-40), JT05, and IAPP. Fig. 5A 
shows that WOI and W02 exhibit saturable binding curves to 
immobilized A/3(l-40) fibrils (the original immunogen) with 
EC50S of 2.8 nM and 1.3 nM, respectively. In contrast, the binding 
of a k light chain control IgM to Aj8(l-40) fibrils exhibited a 
much weaker binding constant (121 nM) and a lower binding 
amplitude. The binding ability of this control IgM to A/3 fibrils 
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Fig. 5. Binding curves for purified WOI, W02, and a control k chain IgM 
against various amyloid fibrils immobilized onto microplate wells. W01 (O); 
W02 {■); and IgM control (A). OA) A0O-4O) fibrils. (8) Ig light chain variable 
domain JT05 fibrils. (0 IAPP fibrils. Data in B and Care from single replicate 
determinations. 



is probably related to the general ability of globular proteins to 
bind nonspecifically to Aj3 fibrils (B.O.N, and R.W., unpublished 
observations). Interestingly, a A chain control IgM is much less 
effective at binding to A/3 fibrils compared to the control k chain 
IgM (data not shown). 

Fig. 5B shows that WOI and W02 bind to JTO5 fibrils with 
EC 50 values of 2.8 nM and 1.2 nM, respectively, values similar to 
those for binding to Aj3(l-40) fibrils. The amplitudes for WOI 
and W02 binding to JTOS fibrils, although differing from each 
other by about a factor of three, are in the same range as the 
binding of these Abs to Aj8 fibrils. The control k light chain IgM 
exhibits essentially no binding to JTOS fibrils. Fig. 5C shows that 
WOI and W02 also bind with similar amplitudes and binding 
constants (1.7 nM and 1.0 nM, respectively) to IAPP fibrils, 
whereas the control IgM binds negligibly. These data dramati- 
cally illustrate that WOI and W02 recognize what appears to be 
a universal amyloid epitope and that the ability to bind to 
amyloid fibrils is not shared by a control IgM. The Abs bind with 
similar strengths to amyloids other than the A/3(l-40) amyloid 
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immunogen. Although the IAPP peptide exhibits some amino 
acid sequence homology to Aj3(l-40) (P. Westermark, personal 
communication), JTOS offers no significant homology. [This was 
confirmed by using the sim (37), lalign (38), and dotlet (39) 
sequence alignment programs (www.expasy.ch/tools) (data not 
shown)]. The nature of the common amyloid epitope, therefore, 
does not seem to depend on extensive amino acid side chain 
information. This point is made perhaps most dramatically by the 
fact that WOI binds well to polyGln aggregates (Fig. 4A), which 
exhibit a number of amyloid-like features in their morphologies 
and biophysical properties (S. Chen, V. Berthelier, J. B. Ham- 
ilton, B.O.N., and R.W., unpublished data). 

In their abilities to bind to multiple molecular species, WOI 
and W02 bear some resemblance to polyreactive Abs such as the 
anti-DNA Abs produced in certain autoimmune conditions. 
Although little is known about the basis for such polyreactive 
binding recognition, at least some anti-DNA Abs are thought to 
recognize repeat structures within DNA such as heteroaromatic 
bases or phosphate groups (40, 41). As highly ordered polymers, 
amyloid fibrils presumably also exhibit certain kinds of regular 
structural repeats that might serve as the basis for multidentate- 
binding recognition. The extent to which WOI and W02 binding 
to amyloid might depend on such multidentate binding is yet to 
be determined. 

One possible contributor to a common amyloid structural 
epitope might be a unique array of H-bond donor and acceptor 
groups from the polypeptide backbone at the edge strands of the 
^-sheets on the ends of amyloid fibrils. If so, this configuration 
must be different from that of the edge strands of j3-sheets in the 
native states of j3-sandwich -based proteins such as the Fy 
domain and TTR because these globular, native proteins do not 
bind WOI and W02 appreciably (Fig. 4). Another possibility is 
main chain elements involved in some unusual turn or chain 
reversal within the amyloid motif. Detailed structures of the 
epitopes of anti-protein Abs are normally characterized either by 
protein crystallography (42) or by mutational analysis of antigen 
fragments (43) or intact protein (44). Because amyloid has yet to 
be crystallized, and because WOI and W02 bind to many 
amyloids regardless of amino acid sequence, it is clear that the 
further structural analysis of the W01/W02 epitope(s) will be 
challenging. 

A/3(l-40) fibrils are not unique in their ability to stimulate 
production of generic anti-amyloid Abs in mice. For example, a 
mAb raised against an amyloidogenic Ig light chain fragment has 
been reported to recognize tissue amyloid deposits composed of 
the light chain variable domain, Aj3, and other amyloidogenic 
proteins (13). The reciprocity of these results with those de- 
scribed here further supports the existence of an epitope that is 
a universal signature of the amyloid fibril. 

Abs such as WOI and W02 are important for a number of 
reasons. They may prove invaluable in improving our knowledge of 
the three-dimensional structures of amyloid fibrils. Such Abs will 
also allow us to monitor more closely the generation of the amyloid 
epitope during assembly in vitro and in vivo. Fibril-specific Abs may 
be useful as passive vaccines in anti-amyloid therapy (13, 15, 16, t). 
Furthermore, recognition that an amyloid fibril from one precursor 
protein can stimulate a pan-amyloid response in an animal suggests 
that amyloid fibrils composed of one constituent protein might 
serve as vaccines against other types of amyloid. Finally, Abs such 
as WOI and W02 may prove to be useful diagnostic reagents not 
only for Alzheimer's disease, but also for other protein aggregation 
diseases. The defining clinical test for the presence of amyloid in 
tissue continues to be birefringence after Congo red staining (12). 
However, as a technique that is inherently limited in resolution to 
the wavelength of visible light, Congo red birefringence is not 
capable of detecting deposits of small and/or disorganized fibrils if 
they do not exhibit macroscopic order. Abs such as WOI and W02 
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may thus prove to be more reliable probes for the presence of the 
amyloid-folding motif in tissue samples. 
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